Alves Corrêa et al.: Is the periphytic structure of Testaceans (Protozoa: Rhizopoda) +55-65-3615-8738; fax: +55-65-3615-8738) Abstract. Presented study describes the periphytic community of Testaceans of the Cuiabá River, Central Brazil and evaluates its relationships to physical, chemical and biological water characteristics. Three sampling stations were established along an urban reach passing Cuiabá city, realizing four campaigns at the right and left river margins. Canonical Correspondence Analysis was conducted to study relationships of chemical and physical water characteristics with the colonization of the periphytic community of Testaceans on artificial substrata. Assemblage composition varies according to seasonal hydrological cycles and water quality, as well as spatially along the pollution gradient reflected by sampling sites along the river reach. Species richness and abundance showed highest values during the dry season, being Cochlyopodium, Centropyxis and Cyclopyxis the most common genera. The genus Centropyxis was frequent at all sampling stations throughout the year, being dominant at the highest impacted station. 27 of the 28 Difflugia species were only observed in the dry season under low flow velocities and discharge and have little potential as indicator of water quality parameters. On the other hand, species such as Cyclopyxis plana microstoma and Euglypha acanthophora only occured at impacted sampling stations, independently of the season, indicating a potential for bioindication.
Introduction
Between the diverse groups of water quality indicators, periphyton communities have been widely applied for the study of pollution estate in lotic ecosystems. According to Ward (1989) , lotic environments have primary heterotrophic functions and reflect therefore the characteristics of its contributing watersheds (Lampert and Sommer, 1997) . Therefore, basins geoecology and land use reflect on spatial distribution and colonization processes of protozoaria communities. Most studies focused on the ecology on algae assemblages in freshwater ecosystems (Barinova et The tropical sub-humid climate in the basin is characterized by mean annual temperatures between 22 and 25 degrees and a mean precipitation of 1342 mm in the urban agglomeration of Cuiabá and Várzea Grande with maxima of up to 2000 mm in the headwater regions of the Cuiabá river. Precipitation and river runoff present an expressive seasonality. More than 80 % of rainfalls are concentrated in the months of November through April. The average monthly stream discharge at a gauging station in Cuiabá City varies between about 800 m 3 /s in April and 100 m 3 /s in September (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . The lower parts of the watershed are formed by Pre-Cambrian metasediments of the Cuiabá group, the Manso and Casca river headwaters are located in the mountain ranges of the Planalto of Guimarães, mainly formed by sandstones. The upper Cuiabá River crosses calcareous formations of the Pre-cambrian Alto Paraguai group. Cerrado savannahs, the main vegetation formation of the watershed are mainly occupied by extensive cattle farming, in the plateaus of the mountain ranges native vegetation had been widely substituted for the cultivation of soybeans and cotton.
In 2002, the urban agglomeration of Cuiabá and Várzea Grande city had a population of more than 720,000 inhabitants. It is estimated, that less than 30% of domestic effluents are treated and that about 95% of organic loads in the watershed are introduced in the Cuiabá River in the urban agglomeration (Zeilhofer et al., 2010) . Nonpublished, population-based estimates for the year of 2006 indicate that more than 30 t of organic loads are daily introduced along river reaches in the urban agglomeration of Cuiabá.
Methods

Sampling
Artificial substrata were installed at three monitoring stations, each composed by two sampling points at both river margins, representing a pollution gradient along a 28 kilometers urban reach of the Cuiabá river (Fig. 1) . First station (Rc5) is located river ahead of the urban perimeter, receiving only diffuse pollution loads from extensive agricultural activities and some aquacultures. The sampling point Rc8 is located about 300 m above the Gambá stream in the central area of the urban agglomeration. Rc12 is a sampling point river downstream the Cuiabá/Várzea Grande agglomeration, after the Cuiabá river receiving principal organic contributions from the urban watersheds. Chemical, physical and biological water quality samples were collected during the campaigns for installation and removal of the artificial substrata, at both river sides (sampling points of Testacean colonization) and for the main channel. Testacean communities were sampled using artificial substrates with replicas, composed by two previously sterilized glass slides. At each sampling point a total of six pairs of glass slides were disposed in a metallic grid. Fixed at the bottom of the water course at a distance of about 1 meter from the river border, the sampling modules were disposed parallel to the stream current in order to reduce selective effects (Kralik 1957/58 
Data Analysis
Direct gradient analysis
Canonical Correspondence Analysis (CCA) was conducted to evaluate relationships between water quality variables and community structure of Testacea protozoa. CCA is a direct gradient analysis (ter Braak and Prentice, 1988), where a matrix Y of dependent variables (species) is ordinated under the constraint of a matrix X of explanatory variables or predictors (water quality data). CCA is indicated for ordination, if dependant variables have a unimodal distribution along environmental gradients. In their comparison of CCA with General Linear Models (GLM), Guisan et al. (1999) pointed out that CCA has good performance in ordination of multiple species. General null hypothesis of CCA, that there is no relationship between the response and explanatory variables (independence of Y and X), or that the model is not significant, can be tested through a permutation test, where a pseudo-F statistic of the unpermuted data is repeatedly compared with the pseudo-F statistic of permuted data (Anderson and ter Braak, 2003). As CCA is supposed to be biased by rare species (Legendre and Gallagher, 2001 ), only species with relative frequencies above 20% were considered in ordination. Both dependent variables (species abundance) as well as explanatory variables were log-transformed for ordination. CCA was conducted with the RDACCA software (Makarenkov and Legendre, 2002) . Significance of ordination axis was tested applying a Monte Carlo randomization test with 5000 permutations.
Results
A Mann-Whitney test for paired samples of the three sampling stations along the urban reach of the Cuiabá river showed significant differences (p<0.05) between dry and wet season for most water quality variables. Only TC and FC counts do not differ statistically due to strong dilution effects in the streams during the rainy season (Tab. 2). PH, DO and Alkalinity were higher during the dry season, when Color, COD, BOD, Turbidity, SST, TP and TN concentrations were higher during the wet season.
These results appoint for a cyclical deterioration of physical and chemical water quality during the months November through April (rainy season) due to the local geographic specifities. During this period first flush events drain dry deposition components to the streams. In addition, water treatment plants in the urban agglomeration of Cuiaba and Varzea Grande city have frequently an overloaded capacity during and after rain storms, causing massive inflow of untreated wastewater in the Cuiaba river (Zeilhofer et al., 2010) .
A comparison between the stations Rc5 and Rc8 (Wilcoxon paired sample test) resulted in significant differences for the variables pH, Turbidity, CT and TC. Water quality alterations turn more expressive when the stations Rc5 and Rc12 are compared. Values obtained for pH, color, DO, COD, Alkalinity, TC and FC differ significantly (p<0.05). Tributaries of urban watersheds mainly reflect on indicators of organic pollution such as decreasing DO and increase of COD and coliform counts. TN concentrations show significant increase between the stations Rc5 and Rc12 for the samples of both seasons; TP concentrations significantly increase between Rc5 and Rc12 during the wet season. Table 3 presents seasonal species densities, which are averages from the two samplings points (left and right river margin) at each river station (Rc5, Rc8, Rc12), as well as species abundance and richness. Total abundance was highest at station Rc8 at both seasons and species. Richness was higher at this station than at the little impacted station Rc5 and similar as at station Rc12. During sampling campaigns of both seasonal periods Cochlyopodium, Centropyxis and Cyclopyxis were the most common genus. The genus Cochlyopodium, represented only by one species (Cochlyopodium vestitum) was abundant at each sampling campaign. Specimen counts, however, were lower during the wet season. The genus Centropyxis (8 species) was frequent at all sampling stations throughout the year, being dominant at highly impacted station Rc12 during the dry season. The three species of the Cyclopyxis genus were more common at the impacted stations Rc8 and Rc12, during both seasons. The genus Difflugia is represented by 28 species, but none of them was abundant inside the assemblages. Specimen counts were generally much higher during the dry season. With exception of Euglypha acanthophora, species of the genus Euglypha (three species), Pseudodifflugia and Pyxidicula (one species each) are rare during both seasons. First two axis of CCA ordination were found to be significant (p < 0.01) and had eigenvalues of 0.19 and 0.13, respectively. First ordination axis explains 21.7 % of canonical variance and synthesizes principally seasonal effects in species abundance (Fig. 2) .
This axis is positively related with pH, DO, TC, FC and Alkalinity, variables with higher values during the dry season characterized by low river discharge. High abundances of Arcella discoides, Difflugia pristis, Difflugia gramen e Difflugia mica were related to these conditions. Difflugia gramen and Difflugia mica are hereby located on the extreme right side of ordination diagram. As further exposed in the discussion, preferences of this seems to be linked however to altering hydrodynamic conditions and the difficulties of Difflugiidae to adhere to substrate than to a reduced tolerance to http://www.ecology.uni-corvinus.hu • The two last species, in accordance to their location along the second CCA axis, seem to have preferences to higher TP concentrations. Centropixys ecornis seems to benefit by higher concentrations of organic material, evidenced by its location near the ordination vectors of COD, BOD and Turbidity. Alkalinity has the highest (negative) contribution to the second ordination axis, which explains 15.1 % of CA variance. Arcella hemisphaerica is ordered on the lower left side of the biplot, indicating a relation to higher Alkalinity, but coupled with higher nutrient levels found during the wet season. Species positively related to this axis are Centropixys hirsuta, Centropixys discoides, Cycopyxis euristoma, Difflugia pyriformis and Euglypha acanthophora, when Arcella hemisphaerica is ordered at the opposite site of the biplot.
Discussion
This study presents a characterization of periphyton testaceae assemblages in a tropical freshwater ecosystem in the Central-Western Brazilian Cerrado region and its relationships to physical-chemical and biological measurements of water quality. More specifically, exploratory analysis and CCA direct gradient analysis were applied to evaluate species distribution along a quality gradient of urban river reaches, and to compare frequencies and richness during the dry and wet seasons. Results of applied empirical methods to relate assemblages with environmental factors must not be misinterpreted that they are necessarily explaining causal relationships between structure and composition and measured external variables. In our case, water quality of the studied river reach is heavily influenced by hydrodynamics, which determine components of the periphython testatacea assemblages. This is further detailed and exemplified in following.
Total richness of periphyton tecamebiana fauna as found in this study (53 species) is similar to the 49 species reported by Hardoim (1997) on natural substrates in the Bento Gomes stream, an affluent of the northern Pantanal, about 100 km south of our study area. About 2/3 of sampled species were found to be rare. Rare species are in their majority are pertaining to Difflugidae family, similar as the results obtained by Silva Neto (2001) in planctonic samples of urban reaches of the Cuiabá river. Cochliopodium vestitum, Cyclopyxis plana microstoma and Centropyxis aculeata were found to be the three most abundant species, each of them dominant during one sampling date. In accordance, Missawa (2000) stated Centropyxis aculeata to be one of the three species most abundant species in planctonic communities in the main urban reaches of the Cuiabá river. Silva Neto (2001) found the family Centropyxidae to be the most abundant in an urban Cuiabá river reach, about 100 km river ahead of Cuiabá city. Cochiopodium vestitum has not been reported in none of the cited regional studies and Cyclopyxis plana microstoma was generally found to be rare in plankton assemblages. Abundant in present research, both species, which are characterized by flattened shell form, seem to be morphologically well adapted to the periphyton.
Generally, environmental preferences of studied periphyton organisms could be detected with more clarity for samplings from the dry, low water season. We suppose that this is due to a higher stability in environmental conditions, contrary to those of the wet season, when hydrodynamic and physical-chemical conditions oscillate frequently, caused by rainfalls and varying loads of aloctone material. Installation of assemblages seems to be more difficult under these conditions and total abundance and richness decrease. During the wet season some glass slides were partially covered by http://www.ecology.uni-corvinus.hu • Our investigations did not conduct systematic work to evaluate, if it were limnological or hydrodynamic gradients, which cause variations in assemblages at artificial substrates between the dry and wet season. Nevertheless, richness of assemblages is impoverished during the wet season, when almost all Difflugiidae disappear. Studies such as those of Bobrov and Mazei (2004) and Wanner and Meisterfeld (1994) conclude that morphologic aspects of testate amebas influence abundance in different habitats. Difflugiidae are known to be widely unable to adhere to artificial surfaces, which may explain their absence at sampling campaigns from the wet season, with higher discharge and flow velocities. As examples, Difflugia gramen and Difflugia lucida have rounded shells, impeding permanence in the periphyton of reaches with higher runoff velocities. Similar, Arcella vulgaris which has previously been observed in the periphyton as well as in plankton assemblages of the study area (Hardoim and Heckman, 1996) was abundant during the dry season and disappeared during the wet season. Velho et al. (1999 Velho et al. ( , 2004 pointed out that this species is more abundant in lentic than in lotic systems. The higher abundance during the period with lower runoff velocities suggests the that hemispheric form of shell may difficult permanence of Arcella vulgaris in the periphyton during the wet season.
There is however clear evidence in our data and previous studies that differences in assemblage structure and species abundance are not independent of water quality or exclusively determined by hydrodynamics of habitats. The genus Difflugia was found to be better adapted to environmental conditions during the dry season not only in the periphyton but as well in planktonic communities river ahead of Cuiabá city (Silva Neto, 2001 ). In our study, Difflugia mica was always absent at Rc5, but frequent at the impacted Rc8 and with 23 and 30 counts, respectively during the dry and wet season. Moreover Centropyxis aculeate, Centropyxis ecornis, Centropyxis discoides, Cochlipodium vestitum and Cyclopyxis eurystoma were always several times more frequent at the impacted stations (Rc8, Rc12) than at Rc5, river ahead the urban area, this independent of the climatic period of the year. Contrary, Centropixys aculeata, when reported in the Pantanal was abundant under different water conditions (Hardoim, 1997) .
Euglypha acanthophora only occurred at Rc8 and Rc12, a species already reported for plankton communities of the Cuiabá River (Missawa, 2000; Silva Neto, 2001 ) and in periphyton of the Pantanal of Poconé (Hardoim, 1997) . In this last study, species presence was observed in slightly acid waters with low or intermediate saturation of DO, conditions common as well at both impacted stations of our study.
The preference for elevated nutrients loads and organic pollution is seen even more clearly for Cyclopyxis plana microstoma, which was never observed at Rc5, but had counts higher than 100 during the dry and the wet season under deteriorated water quality conditions. The species revealed therefore potential to be used as indicator for mesotrophic environments.
Higher abundances of Arcella hemisphaerica were only observed during the wet season, or at the impacted Rc8 station during the dry season. Arcella hemisphaerica has been described as common in mesotrophic environments, tolerant to organic pollution (Opravilová and Zelinka, 1978). Hardoim (1997) Pantanal floodplain. Differing to our results, where Arcella discoides seem to prefer enriched environments the species has been described in the Pantanal region as common, tolerant to different ecological water conditions, and abundant during low and high water conditions (Hardoim, 1997) . Similar findings were obtained by studies from temperate climates (Sládecekova, 1962; Opravilová and Zelinka, 1978) , where Arcella discoides is tolerant to broad variations of saprobity.
Conclusions
In the urban reach of the Cuiabá river, Testacean communities alter as a function of hydrodynamics and changing water quality between dry and wet season and between sampling stations. Richness and abundance is higher during the dry season and in the downstream sampling points, both characterized by lower oxygenation levels and higher nutrient concentrations.
Difflugia species are almost absent during the wet seasons. As there is evidence that this occurs mainly due to differences in river discharge, this genus has little potential as water quality indicator. Contrary, species such as Cyclopyxis plana microstoma and Euglypha acanthophora only occur at impacted sampling stations at both seasons, indicating a potential to indicate deteriorated water quality conditions.
